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(54) Homeotropic orientation liquid crystal display and lts manufacture 

(57) A method of manufacturing a liquid crystal dis- 
play device capable of easily giving a pre-tilt angle lo a 
homeotropic orientation, the method having the steps 
of: forming a film of homeotropic orientation material on 
the surfaced a substrate, the material being sensitive 
to ultraviolet ray and having a property of orierrtating liq- 
uid crystal molecules, on an average, vertically to the 
surface of the film; and applying ultraviolet rays to the 
film of homeotropic orientation material along a direc- 
tion tilted from the normal to the surface of the film. 
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Description 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates to a liquid crystal dis- 
play device and its nianufacture method, and more par- 
ticularly to a liquid crystal display device having pre-tilt 
orientation slightly tilted in one direction from homeo- 
tropic orientation (configuration of liquid crystal mole- 
cules orientated vertical to the substrate surface) and its 
manufacture method. 

b) Description of the Related Art 

Homeotropic orientation is one of the operation 
mcides of a liquid crystal display device. In this mcde, 
liquid crystal molecules having negative dielectric ani- 
sotropy are orientated vertical to the substrate. As volt- 
age is applied between the substrates, liquid crystal 
molecules tilt toward the substrate surface. 

A radial direction about the substrate normal of liq- 
uid crystal molecules In homeotropic orientation is iso- 
tropic, and hence molecules tilt omnidirectionally about 
the substrate normal. To solve this, pre-tilt orientation 
has been proposed in which liquid crystal molecules are 
tilted slightly, in a state of no voltage application, in one 
radial direction about the substrate normal. Liquid crys- 
tal molecules with a pre-tilt angle in one radial direction 
about the substrate normal can be tilted in this one 
radial direction when voltage is applied. 

The following methods are used for giving liquid 
crystal molecules a pre-tilt angle from the substrate nor- 
mal toward the substrate surface. 

(1) A homeotropic alignment film is formed on the 
surface of a substrate. The homeotropic alignment 
film is made of, for example, homeotropic orienta- 
tion type polyimide (e.g.. SE-121 1 manufactured by 
Nissan Chemical Industries, Ltd.. Japan) or silane 
coupling type homeotropic orientation material 
(e.g., DIV^AP manufactured by Chisso Co., 
Japan). The surface of the homeotropic alignment 
film is thereafter rubbed with rayon cloth or the like. 

As shown in Fig. 4A, CH chains designated by 
CH initially formed vertically on the surface S of a 
homeotropic alignment film P are slightly tilted by 
rubbing. The director d of each liquid crystal mole- 
cule r^L tilts along the direction of the tilted CH 
chain. An angle between the substrate normal n 
and the director d of the liquid crystal molecule is 
called a pre-tilt angle Op 

(2) As shown in Fig, 4B, an oblique vapor deposi- 
tion film or the like made of SiO or other materials is 
formed on the surface of a substrate to form an 
underlying layer U having an oblique structure. A 
homeotropic alignment film P such as described 
above is formed on the underlying layer U. The sur- 



face of the homeotropic alignment film P has an 
ot)tique structure conformal to the oblique structure 
of the underlying layer U. Although each CH chain 
on the homeotropic alignment film P is vertical to 
5 the surface S of the homeotropic alignment film P, it 
' is inclined relative to the substrate surface. In this 
case, rutjbing is not necessary 

With the above method (1), different pre-tilt angles 

10 are likely to be formed if rubbing is nonuniform. Fine 
stripe disorders are also likely to be formed by rubbing. 
These different pre-tilt angles and fine stripe disorders 
are visually recognized as abnormal patterns on the liq- 
uid crystal display when it Is turned on (in a voltage 

15 application state). This may considerably degrade the 
impge quality of the liquid crystal display 

With the above method (2), relatively uniform pre-tilt 
orientation can be obtained. However, the manufacture 
processes are complicated. Oblique vapor deposition of 

20 SiO or the like requires a vacuum vapor deposition sys- 
tem so thai cost Is raised and throughput is lowered. If a 
jiarge substrate Is used and the relative positions of the 
substrate and the oblique vapor deposition source 
material change during the deposition process, many 

25 tjifferent pre-tilt angles are formed. In order to avoid this, 
a robust and complicated deposition system Is required. 

SUMMARY OF THE INVENTION 

30 ft Is an object of the present Invention to provide a 
manufacture method of a liquid crystal display device 
capable of easily adding a constant pre-tilt angle to liq- 
uid crystal molecules of homeotropic orientation. 
;} ^ According to one aspect of the present invention, 

35 itXere is provided a method of manufacturing a liquid 
crystal display device, comprising the steps of: forming 
^ film of homeotropic orientation material on a surface 
of a substrate, the material being sensitive to ultraviolet 
ray and having a property of orientating liquid aystal 

40 mojecules, on an average, vertically to a surface of the 
film; and applying ultraviolet rays to the film of homeo- 
tropic orientation material along a direction tilted from a 
normal to the surface of the film. 

As ultraviolet rays are applied obliquely to a film of 

45 homeotropic orientation material sensitive to uftraviolet 
ray, a homeotropic alignment film can be obtained hav- 
ing a predetermined directivity in a direction tilted from 
the substrate normal. 

A homeotropic alignment film has on its surface CH 

50 chains whose average direction is the substrate normal- 
It is presumed, however, that CH chains are omnidirec- 
tional in the plane parallel to the substrate surface. As 
uftraviolet rays are obliquely applied to the homeotropic 
alignment film, CH chains absorts ultraviolet rays and 

55 are decomposed or cut. Absorption of -ultraviolet rays 
depends on the direction of CH chains of the homeo- 
tropic alignment film and on the illumination direction of 
uftraviolet rays. It is presumed that ultraviolet rays are 
absorbed at most when the direction of an electric vec- 
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tor o1 ultraviolet rays coincides with the direction of CH 
chains. Therefore, in the homeotropic alignment film 
after ultraviolet ray illumination, CH chains in one direc- 
tion are decomposed or cut, and the mean direction of 
the remaining CH chains titts from the substrate normal. 

As above, uniform pre-tilt orientation can be formed 
easily by using a homeotropic alignment film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A to 1 D are schematic cross sectional views 
illustrating the manufacture processes of a liquid crystal 
display device according to an embodiment of the inven- 
tion, and schematic cross sectional views explaining a 
pre-tilt angle. 

Figs. 2A and 2B are schematic cross sectional 
views illustrating the principle of how the pre-tilt angle is 
formed in the liquid crystal display device of the embod- 
iment shown in Figs. 1 A and IB. 

Figs. 3A and 3B are schematic plan views illustrat- 
ing the manufacture processes of a liquid crystal display 
device according to another embodiment of the inven- 
tion. 

Figs. 4A and 4B are schematic cross sectional 
views illustrating a conventior^l method of giving a pre- 
tilt angle to a homeotropic orientation film. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS . 

Emt>odiments of the invention will be descrit^ed with 
reference to the accompanying drawings. 

As shown in Fig. 1 A. on the surface of a transparent 
substrate 10 such as a glass substrate, a liquid crystal 
molecule drive structure such as parallel stripe elec- 
trodes 11 is formed and a homeotropic alignment film 
12 is formed covering the stripe electrodes 11. For a 
simple matrix type liquid aystal display device, a sub- 
strate having parallel stripe common electrodes and a 
substrate having parallel stripe segment electrodes are 
used. For an active matrix type liquid crystal display 
device, a suljstrate having one common electrode and a 
substrate having an active matrix circuit are used (see, 
for example, USP 5,479.282 issued on Dec. 26. 1995 or 
USP 5.576.862 issued on Nov. 19, 1996, both assigned 
to the present assignee, which are herein incorporated 
by reference). The homeotropic alignment film 12 has 
an orientation structure of Iquid crystal molecules ori- 
entated vertical to the surface of the alignment film 12. 

As shown in Fig. IB. ultraviolet rays 14 are applied 
along a direction inclined relative to the direction normal 
to the homeotropic alignment film 12 (the direction nor-, 
mal to the substrate 10). Ultraviolet rays 14 nnay be nat- 
ural light, or preferafc)ly linearly px)larized light having an 
electric vector oscillating in the plane defined by the nor- 
mal direction of tfie homeotropic alignment film 12 and 
the light incident direction, or ellipticaliy polarized light 
having a longer axis direction in this plane 

The light incident direction of the ultraviolet rays 14 



is a direction tilted from the substrate normal toward the 
substrate surface in a range from about 5 degrees to 
atx)ut 85 degrees, and more preferal>ly in a range from 
about 30 degrees to about 70 degrees. A pre-tilt angle 
5 of each liquid crystal molecule has a tendency of 
t>ecoming larger as the light incident angle is tilted 
larger. 

An electric vector of ultraviolet rays incident along 
the oblique direction is in the plane perpendicular to the 

10 light incident direction, and no electric vector compo- 
nent exists along the direction (incident direction) per- 
pendicular to this plane. It can therefore be presumed 
that oblique light, even perfectly unpolarized light (natu- 
ral light), can provide a homeotropic alignment film with 

15 anisotropy and pre-tilt angle. It is preferatale that electric 
vector components of polarized incident ultraviolet rays 
exist more in the plane defined by the substrate normal 
direction and the light incident direction. With such 
polarized light rays, the orientation of the underlying 

20 region including main-chains can also be controlled. 

The homeotropic alignment film is sensitve to ultra- 
violet ray only in the inside of the film so that it is neces- 
sary to envisage uKraviolet rays after being entered in 
the homeotropic alignment film. In this context, even if 

25 : . urpolarized natural light is used, the obliquely incident 
natural light reflected at the surface of the homeotropic 
alignment film has a difference between P- and S-wave 
components. Therefore, anisotropy can be established 
in the alignment film. 

30 It is necessary to make incident ultraviolet rays 
have such a wavelength as the homeotropic alignment 
film becomes sensitive to it. The wavelength is set gen- 
erally to 400 nm or shorter, and preferably in a range 
from 180 nm to 360 nm. 

35 It has been found that application of such ultraviolet 
rays provide the homeotropic alignment film with pre-tilt 
angle. 

It has also been found that as shown in Fig. 1C. a 
radial Erection of a pre-tilt angle ep at>out the substrate 
40 rrarmal q is orientated in the plane defined by the sub- 
strate normal n and the light incident direction IN. and 
the pre-tilt angle is tilted from the normal direction n 
toward the light incident direction The pc^tilt angle 
6p does not become coincident with an angle of the light 
45 incident direction IN. 

As stated earlier, a pre-tilt angle can be more effi- 
ciently produced if the electric vector Ep of incident 
, ultraviolet rays is in the plane defined by the substrate 
normal n direction and the light incident direction IN. In 
50 the case of elliptic polarization, when the longer axis of 
ellipticaliy polarized light is in this plane and the ellipti- 
caliy polarized light has a high ellipticity. the pre-tilt 
angle can be efficiently produced. 

The principle of how a pre-tilt angle is produced by 
55 application of ultraviolet rays to a homeotropic align- 
ment film, can be envisaged as in the following. 

As shown in Fig. 2A, there are CH chains orientated 
in various directions on the surface S of a homeotropic 
alignment film 12. A mean direction of CH chains is 
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coincident with the direction normal to the substrate sur- 
face S. In this state, liquid crystal molecules in contact 
with the homeotropic alignment film 12 are orientated in 
the directions of CH chains to establish homeotropic ori- 
entation. Ahhough CH chains are orientated in various 
directions, a mean direction thereof is the substrate nor- 
mal direction Therefore, the liquid aystal molecules as 
a wtiole are orientated in the substrate normal direction. 

Unearly polarized ultraviolet rays 14 incident upon 
the homeotropic alignment film 12 have their polariza- 
tion direction in the plane defined by the substrate nor- 
mal direction and the light incident direction. The 
intensity of each incident ultraviolet ray. to which respec- 
tive CH chains in different directions become sensitive, 
corresponds to the component of the electric vector Ep 
in the direction along each CH chain. Therefore, a CH 
chain parallel to the electric vector Ep is Influenced 
most, and a CH chain parallel to the light incident direc- 
tion is hardly influenced. 

Accordingly. a CH chain having the same or smaller 
angle relative to the electric vector of the incident ultra- 
violet rays absorbs the ultraviolet rays and is likely to be 
deconposed or cut. In Rg. 2A. a circle symbol is affixed 
to a CH chain not susceptible to ultraviolet rays, and a 
cross symbol is affixed to a GH chain susceptible to 
ultraviolet rays. 

Fig. 2B shows the surface state of the homeotropic 
afignment film after ultraviolet rays are applied. Of the 
CH chains shown in Fig. 2A, those affixed with the cross 
symbol are decomposed or cut. The remaining CH 
chains are inclined on average from the substrate nor- 
mal direction toward the ultraviolet ray incident direction. 
Therefore, liquid crystal molecules in contact with the 
homeotropic alignment film 12 are presumably orien- 
tated in the mean orientation direction of CH chains. 

In the case of a homeotropic alignment film having 
its CH chain bonded to a main-chain as a side-chain, 
such as homeotropic orientation type polyimide, the 
side-chain is inclined according to the above-described 
principle. Here, there is a possibility of causing some 
anisotropy in the main-chain. In this case. It is preferable 
to generate anisotropy in the radial direction of pre-tllt 
an^ii, I.e.. in the direction of intersection between the 
substrate surface and the plane defined by the sub- 
strate normal direction and the light incident direction. If 
there is no side-chain, it is preferable to orientate liquid 
crystal molecules in this direction. The molecular struc- 
ture of the alignment f ilhi. light wavelength, and the like 
are desired to be selected to satisfy the above condi- 
tions. 

Particular examples will be desaibed below. 
[Example 1] 

(1) Homeotropic orientation type polyimide (SE- 
121 1 manufactured by Nissan Chemical Industries, 
Ltd.. Japan) was coated on a glass substrate hav- 
ing a transparent electrode with a spinner and 
baked for one hour at 200 °C. The film thickness 



after baling was 60 nm. 

(2) Uneariy polarized ultraviolet rays having a line 
spectrum near at a wavelength of 254 nm were 
applied to the substrate made at Step (1). for 15 

5 seconds along a direction tilted by 45 degrees from 
the substrate normal. The illumination intensity 
measured with an ultraviolet illumination meter 
(manufactured by Ore Manufacturing Inc.. Japan) 
mounted with a 254 nm detector was 2.3 mW/cm^. 

10 (3) The two substrates obtained at Step (2) were 
slacked via spherical spacers having a diameter of 
5.5 ^m, the two substrates being disposed with 
their illumination direaions set in parallel in oppo- 
site directions. 

75 (4) Negative dielectric anisotropy liquid crystal (EN- 
37 manufactured by Chlsso Co., Japan) was 
injected into the empty cell between the two sub- 
strates by capillary phenomenon at a temperature 
of 110 ''C at which the liquid crystal is isotropic. 

so - 

Vdtage was applied to the liquid crystal cell manu- 
facture&in the at)Ove manner. It was confirmed that liq- 
uid crystal molecules were uniformly tilted In the plane 
defined by the substrate normal and the uttraviolet ray 
25 Illumination direction, away from the substrate normal. 
This nieans that uniform pre-tilt angles are formed in 
this radial direction about the sut>strate normal. The pre- 
tilt angle rtieasured by a crystal rotation method was 
about 0;5 degrees. 

30 

[Modification of Example 1] 



Uttraviolet ray illumination time was changed to 30 
seconds, 60 seconds. 120 seconds, and 240 seconds. 

35 These liquid crystal cells with longer illumination times 
than Example 1 had uniform pre-tilt orientation similar to 
Examf)le 1 . The cells were inspected with a polarization 
microscope: It was found that the longer the illumination 
time, the presumably better the uniformity when liquid 

40 crystar molecules begin to tilt. This means an improve- 
ment oh uniformity of pre-tilt angles. 

Liquid crystal cells were formed also at an illumina- 
tion angle of 60 degrees from the substrate normal at 
illumination times of 30 seconds and 60 seconds. Uni- 

45 form pre-tilt angles of about 0.5 degrees were obtained. 

[Example 2] 

(1) Homeotropic orientation type polyimide {SE- 
50 1211 manufactured by Nissan Chemical Irxlustries, 
Ltd., Japan) was coated on a glass substrate hav- 
ing a transparent electrode with a spinner and 
baked for one hour at 200 °C. The film thickness 
after baking was 60 nm. - 
55 (2) Lineariy polarized ultraviolet rays having a line 
spectrum near at a wavelength of 313 nm were 
applied to the substrate made at Step (1). for 60 
seconds along a direction tilted by 45 degrees from 
the substrate normal. The illumination intensity 
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measured with an ultraviolet illumination meter 5.5 ^m. the two suljstrates being disposed with 

(manufactured by Ore Manufacturing Inc.. Japan) their illumination directions set in parallel in oppo- 

mounted with a 31 0 nm detector was 9.2 mW/cm^. site directions. 
(3) The two substrates obtained at Step (2) were 

stacked via spherical spacers having a diameter of s Negative dielectric anisotropy liquid aystal (EN-37 

5.5 titn, the two substrates being disposed with manufactured by Chisso Co., Japan) was injected into 

their illumination directions set in parallel in oppo- the empty cell between the two substrates by capillary 

site directions. Negative dielectric anisotropy liquid phenomenon at a temperature of 110 **C at which the 

crystal (EN-37 manufactured by Chisso Co.. Japan) liquid crystal is isotropic. 

was injected into the empty cell between the two io Voltage was applied to the liquid crystal cell manu- 

substrates by capillary phenomenon at a tempera- factured in the above manner. It was confirmed that liq- 

ture of 1 10 °C at which the liquid crystal is isotropic. uid crystal molecules were uniformly tilted in the plane 

defined by the sutjstrate normal and the ultraviolet ray 
Voltage was applied to the liquid crystal cell manu- illumination direction, away from the substrate normal, 
factured in the atove manner. It was confirmed that liq- is This means that uniform pre-tilt angles are formed in 
uid crystal molecules were uniformly tilted in the plane this radial direction at>out the substrate normal. The pre- 
defined by the substrate normal and the ultraviolet ray tilt angle measured by a crystal rotation method was 
illumination direction, away from the substrate normal. atxjut 0.5 degrees. 
This means that uniform pre-tilt angles are formed in 

this radial direction about the substrate normal. The pre- 20 [Modification of Example 3] 
tilt angle measured by a crystal rotation method was 

about 0.4 degrees. Ultraviolet ray illumination time was changed to 30 

seconds and 60 seconds. These liquid crystal cells had 

[Modification of Example 2] uniform pre-tilt orientation similar to Example 3. The 

25 cells were inspected with a polarization microscope It 

Ultraviolet ray illumination time was changed to 1 20 was found that the longer the illumination time, the pre- 

seconds and 240 seconds. These liquid crystal cells sumably better the uniformity (pre-tilt uniformity) when 

had uniform pre-tilt orientation similar to Example 2. The liquid crystal molecules begin to tilt. Liquid crystal cells 

cells were inspected with a polarization microscope. It were formed also at illumination times of 120 seconds 

was found that the longer the illumination time, the pre- 30 and 240 seconds. Although some pre-tilt angles were 

sumably better the uniformity (pre-tilt uniformity in radial formed, uniformity was worse than that at tiie illumina- 

direction and angle) when liquid aystal molecules begin tion time of 60 seconds. 

totilt. and that the uniformity was worse than Example 1 Even if natural light is used instead of polarized 

at a wavelengtii of 254 nm. The reason of the worse uni- light, anisotropy can be given to the homeotropic align- 

formity may be ascrit)ed to a wavelength dependency of 35 ment film because the electric vector components^ of 

main-chains in the liquid crystal molecule orientation incident light do not exist along tiie light incident direc- 

direction. tion but exists only in the plane perpendicular to the light 

Uquid crystal cells were formed also at illumination . incident direction, 
times of 15 seconds and 30 seconds. Although some 

pre-tilt angles were presumably formed, uniformity was 4o [Example 4] 
bad and not suitat)le for practical application. 

(1) Homeotropic orientation type polyimide (SE- 

[Examples] 1211 manufacturedt^'Nissan Chemical I ndusb-ies. 

Ltd., Japan) was coated on a glass substrate hav- 

(1) Silane coupling type homeotropic oriientation 4S ing a transparent electrode with a spinner and 
material (DMOAP manufactured by Chisso Co., baked for one hour at 200 °C. The filrrt thickness 
Japan) was coated on a glass substrate having a after baking was 60 nm. 

transparent electrode through dipping and baked (2) Natural light rays having a line spectrum near at 

for one hour at 100 ''C. a wavelength of 254 nm were applied to the sub- 

(2) Linearly polarized ultraviolet rays having a line so strate made at Step (1). for 15 seconds along a 
spectrum near at a wavelength of 254 nm v/ere direction tilted by 45 degrees from the substrate 
applied to the substrate made at Step (1). for 15 normal. The illumination intensity measured with an 
seconds along a direction tilted by 45 degrees from ultraviolet illumination meter (manufactured by Ore 
the sil3Strate normal. The illumination intensity Manufacturing Inc.. Japan) mounted with a 254 nm 
measured with an ultraviolet illumination meter ss detector was 7.8 mW/cm^. 

(manufactured by Ore Manufacturing Inc., Japan) (3) The two substrates obtained at Step (2) were 

mounted with a 254 nm detector was 2.3 mW/cm^. stacked via spherical spacers having a diameter of 

(3) The two substrates cA)tained at Step (2) were 5.5 ^im. the two substrates being disposed with 
stacked via spherical spacers having a diameter of their illumination directions set in parallel in oppo- 



5 



BNSDOCIO: <EP 07BS012A2J_> 



9 



EP0 788 012 A2 



10 



10 



site directions. 

(4) Negative dielectric anisotropy liquid crystal (EN- 
37 manufactured by Chisso Ck).. Japan) was 
injected inlo the enpty cell between the two sub- 
strates by capillary phenomenon at a temperature 5 
of 1 10 at which the liquid crystal is isotropic. 



Voltage was applied to the liquid crystal cell manu- 
factured in the above manner. It was confirmed that liq- 
uid crystal molecules were uniformly tilted in the plane 
defined by the substrate normal and the natural light ray 
illumination direction, away from the substrate normal. 
This means that uniform pre-tilt angles are, formed in 
this radial direction about the substrate normal. The pre- 
titt angle measured by a crystal rotation method was 0.3 
degrees. 

As above, uniform pre-tilt angles can be obtained 
by applying ultraviolet rays to a homeotropic alignment 
film. Even if pre-tilt angles are small, liquid crystal mole- 
cules are tilted uniformly and liquid crystal display 
devices of good quality can be manufactured. : 

A predetermined pre-tilt angle can be fbrrned in a 
desired region of a sulDStrgte by using a photomask and 
the above-described Illumination of oblique ultraviolet 
rays. If a plurality of masks are used, regions subjected 
to different ultraviolet ray illumination directions can be 
formed on a single substrate. Therefore, a mutti'-domain 
type liquid crystal display device having a plurality of ori- 
entation directions can be manufactured. 

For exanrrple, by using two masks having cornple- 
mentary patterns such as shown in Figs. 3 A and 3B, 
ultraviolet rays can be applied in the two directions indi- 
cated by arrows rotated by 90 degrees in the substrate 
plane. Regions with hatched lines in Rgs. 3A and 3B 
are light shielded regions. By using the two masks, 
regions whose pre-tilt angles are different by 90 
degrees in the sUt>strate plane can be formed. 

As shown in Figs. 3 A and 3B, regions haying differ- 
ent orientation directions can be formed in a bhecker- 
board pattern on a single substrate. If each prientation 
region is used as a micro domain and one pixel is con- 
stituted of two. four, or rhore micro dbpnalns. a liquid 
crystal display having a wide angle of view can be real- 
ized. 

The present invention has been described in con- 
nection with the preferred embodiments. The invention 
is not limited only to the above embodiments, ft is appar- 
ent that various modifications, improvements, combina- 
tions, and the like can be made by those skilled in the 
art. 



Claims 

1. A method of manufacturing a liquid crystal display 
device comprising the steps of: 

forming a film of homeotropic orientation mate- 
rial on a surface of a substrate, the material 
being sensitive to ultraviolet ray and having a 



property of orientating liquid crystal molecules, 
on an average, vertically to a surface of the 
film; and 

applying ultraviolet rays to the film of homeo- 
tropic orlentaton material along a direction 
tilted from a normal to the surface of the film. 

2. A method according to claim 1 , wherein said step of 
applying ultraviolet rays applies ultraviolet rays of 
natural light. 

3. A method according to claim 1 . wherein said step of 
applying ultraviolet rays applies linearly or ellipti- 
cafly polarized ultraviolet rays. 

4. A method according to claim 3, wherein electric 
vector direction of the linearly polarized ultraviolet 
rays or longer axis direction of the electric vector of 
the elliptically polarized ultraviolet rays is in a plane 
defined by a normal direction to the substrate sur- 
face and ultraviolet ray application direction. 

5. A method according to any one of claims 1 to 4, 
wherein the homeotropic orientation material is 
polyimide containing material- 

6. A method according to any one of . claims 1 to 4. 
wherein the homeotropic orientation material has 
silane coupling. 

7. A method according to claim 5, wherein the polim- 
ide containing homeotropic orientation material has 
side-chains. 



35 8.. A method according to any one of claims 1 to 7. 
wherein the direction tilted from a normal to the sur- 
face qf the film is in a range from 5 degrees to 85 
degrees from the normal to the film surface. 

40 9, A method according to daim 8, wherein the direc- 
tion tilted from the normal is in a range from 30 
degrees to 70 degrees. . ^ 

10. A method according to any one of claims 1 to 9. 
45 wherein said step of applying ultraviolet rays com- 
prises substeps of: 

applying ultraviolet rays through a first mask 
along a first direction, and applying ultraviolet 
60 rays through a second mask different from the 

first mask along a second direction different 
from the first direction. 

11, A liquid crystal display device comprising a pair of 
55 sut)strates sandwiching a liquid crystal layer. 

wherein: 

said liquid crystal layer includes a number of 
micro domains in a display area; 
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liquid crystal molecules in each micro domain 
show generally homeotropic orientation tilted 
by a predetermined pre-tirt angle from a sub- 
strate normal: and 

micro domains have different directions in the 5 
sut>strate plane along which the pre-tilt angle is 
orientated. 
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FIG.fA 
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FIG.2A 
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9 



SNSdOCIO: <EP 0788012A2J„> 



EP 0 788 012 A2 



FIG.4A 



n 




S U 



BNSDOCID: <EP 078801 2A2_r_> 



10 



(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europ^en des brevets (11) EP0 788 012 A3 

EUROPEAN PATENT APPLICATION 

(51) Int. CI.«: G02F 1/1337 



(88) Date of publication A3: 

17.06.1998 Bulletin 1998/25 

(43) Date of publication A2: 

06.08.1997 Bulletin 1997/32 

(21) Application number: 97101801.5 

(22) Date of filing: 05.02.1997 



(84) Designated Contracting States: 


* Toko, Yasuo 


DE FR GB 


Yokohama-shi, Kanagawa (JP) 




• Ando, Kiyoshi 


(30) Priority: 05.02.1996 JP 19025/96 


Yokohama-Shi, Kanagawa (JP) 


(71) Applicant: 


(74) Representative: 


STANLEY ELECTRIC CO., LTD. 


Wagner, Karl H., Dipl.-lng. et al 


Yokohama-Shi, Kanagawa (JP) 


WAGNER &GEYER 




Patentanwatte 


(72) Inventors: 


Gewurzmuhlstrasse 5 


• Sugiyama, Takashi 


80538 Munchen (DE) 


Yokohama-Shi, Kanagawa (JP) 





(54) Homeotropic orientation liquid ctystal display and Its manufacture 

FIG.2A 



(57) A method of manufacturing a liquid crystal dis- 
play device capat>le of easily giving a pre-tiJt angle to a 
homeotropic orientation, the method having the steps 
of: forming a film of homeotropic orientation material on 
the surface of a substrate, the material being sensitive 
to ultraviolet ray and having a property of orientating liq- 
uid crystal molecules, on an average, vertically to the 
surface of the film; and applying ultraviolet rays to the 
film of homeotropic orientation material along a direc- 
tion tilted from the norma! to the surface of the film. 
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